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[bookmark: _Hlk215011651][bookmark: _GoBack][image: ]Fig. S1 Distribution of alpha diversity and sampling completeness across samples. (A) Histogram showing the distribution of euglenid species richness per sample. (B) Rarefaction curves for all samples showing the increase in detected species with sequencing depth



Table S2 Primers used for PCR amplification
	Primer Name
	Sequence 5' → 3' [Nextera adapter][tag][rDNA complementary sequence]
	Type

	 18S_V2i_F1
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTCTCTTCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F2
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAACTCCGCCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F3
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTGTGTGGCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F4
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTATGGCACCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F5
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAAACGCGCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F6
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGACATTACTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F7
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTCCTTCGCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F8
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCAAAGTGTCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F9
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTTACCGACTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F10
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTCCCATCCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F11
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTGTAAACCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F12
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGCGTCTGCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F13
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTAGTAGCCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F14
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGACTGACCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F15
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGATTAGACCCTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_F16
	 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAGCTAGACTGTGAATGGCTCCTTACATCAG
	Forward

	 18S_V2i_R1
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCACTTGAGCTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R2
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGCATCATGCTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R3
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAGGACATTCTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R4
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCATTTCCCTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R5
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGAGCCTATCTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R6
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTGACACTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R7
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGACGACTCTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R8
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCTCCGCAACTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R9
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCATAGGACTsCCTCTCCGGAATCrAACC
	Reverse

	 18S_V2i_R10
	 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAGTTACCGCTsCCTCTCCGGAATCrAACC
	Reverse



Table S4 Summary of Canonical Correspondence Analysis (CCA) for relationships between species composition and environmental variables. R² values were calculated from CCA models including each variable individually. Significance was assessed using permutation tests (999 permutations). DOC = dissolved organic carbon; TSI = trophic state index
	Variable
	Df
	F-value
	p-value
	Constrained inertia
	VIF
	R² (single model)
	p-value (single model)
	

	pH
	1
	2.85
	<0.001
	0.102
	1.3
	0.018
	<0.001
	

	Conductivity
	1
	4.58
	<0.001
	0.163
	1.1
	0.028
	<0.001
	

	DOC
	1
	3.21
	<0.001
	0.114
	1.6
	0.019
	<0.001
	

	TSI
	1
	3.87
	<0.001
	0.138
	1.8
	0.028
	<0.001
	

	C:N Ratio
	1
	3.34
	<0.001
	0.119
	1.9
	0.039
	<0.001
	

	
	
	
	
	
	
	
	
	

	
	Df
	Model 
F-value
	Model 
p-value
	Constrained inertia
	Unconstrained inertia
	Total Inertia
	R²
	Adj. R²

	Full model
	145
	3.57
	<0.001
	0.636
	5.167
	5.803
	0.110
	0.078




Table S5 Significance of canonical axes from the Canonical Correspondence Analysis (CCA) based on 999 permutations
	Axis
	Df
	Chi-Square
	F-value
	p-value

	CCA1
	1
	0.26
	7.30
	<0.001

	CCA2
	1
	0.13
	3.71
	<0.001

	CCA3
	1
	0.12
	3.43
	<0.001

	CCA4
	1
	0.08
	2.33
	<0.001

	CCA5
	1
	0.04
	1.22
	0.134




Table S6 Eigenvalues and percentage of variance explained by all five canonical (CCA) and the first ten unconstrained (CA) axes from the Canonical Correspondence Analysis
	Axis
	Eigenvalue
	Variance explained (%)
	Cumulative variance (%)

	CCA1
	0.260
	4.48
	4.48

	CCA2
	0.132
	2.27
	6.75

	CCA3
	0.121
	2.08
	8.83

	CCA4
	0.081
	1.40
	10.23

	CCA5
	0.042
	0.73
	10.96

	CA1
	0.287
	4.94
	15.90

	CA2
	0.242
	4.18
	20.07

	CA3
	0.209
	3.61
	23.68

	CA4
	0.201
	3.46
	27.14

	CA5
	0.179
	3.09
	30.23

	CA6
	0.160
	2.76
	32.98

	CA7
	0.154
	2.65
	35.64

	CA8
	0.136
	2.34
	37.98

	CA9
	0.126
	2.17
	40.15

	CA10
	0.120
	2.07
	42.22



Table S7 Summary of biplot vector lengths for environmental variables from the Canonical Correspondence Analysis (CCA). Each row corresponds to one environmental variable and shows the length of its arrow in the biplot (calculated as the Euclidean length of its biplot coordinate vector). DOC = dissolved organic carbon; TSI = trophic state index
	Variable
	Vector length

	pH
	0.54

	Conductivity
	0.77

	DOC
	0.69

	TSI
	0.80

	C:N ratio
	0.97




Table S8 Vector scores of individual taxa on the first two CCA axes (CCA1 and CCA2) for richness data, with the proportion of variation explained (R²) and significance (p-value) from envfit permutation tests (999 permutations). Taxa with p <0.05 indicate a significant directional association with the ordination axes
	Taxon
	CCA1
	CCA2
	R²
	p-value

	Colacium richness
	0.889
	0.458
	0.132
	<0.001

	Cryptoglena richness
	-0.914
	-0.405
	0.244
	<0.001

	Discoplastis richness
	0.513
	-0.858
	0.071
	0.009

	Euglena richness
	0.043
	-0.999
	0.266
	<0.001

	Euglenaformis richness
	-0.984
	-0.179
	0.323
	<0.001

	Euglenaria richness
	0.912
	-0.410
	0.108
	<0.001

	Eutreptia richness
	0.245
	0.969
	0.009
	0.480

	Flexiglena richness
	-0.997
	-0.073
	0.377
	<0.001

	Lepocinclis richness
	-0.967
	-0.254
	0.283
	<0.001

	Monomorphina richness
	-0.899
	-0.438
	0.005
	0.749

	Phacus richness
	-0.959
	-0.285
	0.047
	0.047

	Summed Trachelomonas and Strombomonas richness
	-0.937
	0.350
	0.409
	<0.001



Table S9 Vector scores of individual taxa on the first two CCA axes (CCA1 and CCA2), with the proportion of variation explained (R²) and significance (p-value) from envfit permutation tests (999 permutations). Taxa with p < 0.05 indicate a significant directional association with the ordination axes
	Taxon
	CCA1
	CCA2
	R²
	p-value

	Colacium abundance
	0.703
	0.711
	0.092
	0.005

	Cryptoglena abundance
	-0.998
	-0.068
	0.032
	0.114

	Discoplastis abundance
	0.995
	-0.096
	0.074
	0.004

	Euglena abundance
	0.626
	-0.780
	0.155
	<0.001

	Euglenaformis abundance
	-0.679
	0.735
	0.057
	0.018

	Euglenaria abundance
	0.547
	-0.837
	0.148
	<0.001

	Eutreptia abundance
	0.245
	0.969
	0.009
	0.441

	Flexiglena abundance
	-0.998
	-0.064
	0.127
	<0.001

	Lepocinclis abundance
	-0.997
	0.076
	0.008
	0.586

	Monomorphina abundance
	0.854
	0.520
	0.080
	0.005

	Phacus abundance
	0.935
	-0.354
	0.013
	0.428

	Summed Trachelomonas and Strombomonas abundance
	-0.858
	0.514
	0.289
	<0.001





Table S10 Summary of indicator species (stat > 0.6, p < 0.05) for environmental categories. For every species we indicate the indicator statistic (stat), p-value, and qualitative descriptors of exclusivity (A) and fidelity (B). Exclusivity (A) refers to the degree to which a species occurs only in the specified group, whereas fidelity (B) reflects the consistency of occurrence within that group
	Category
	Group
	Species
	stat
	p-value
	A
	B

	Region

	Masovia
	Euglenaria caudata
	0.615
	0.002
	0.708
	0.535

	
	
	Euglenaria clavata
	0.608
	0.005
	0.547
	0.676

	
	
	Euglenaria anabaena
	0.641
	0.001
	0.833
	0.493

	
	
	Strombomonas verrucosa
	0.658
	0.001
	0.809
	0.535

	
	
	Euglena geniculata
	0.630
	0.001
	0.938
	0.423

	
	
	Trachelomonas tx09
	0.607
	0.001
	0.792
	0.465

	
	Masuria
	Trachelomonas compacta
	0.707
	0.003
	0.728
	0.688

	
	
	Flexiglena variabilis
	0.653
	0.001
	0.500
	0.854

	
	
	Euglena tristella
	0.613
	0.001
	0.695
	0.542

	
	
	Trachelomonas tx14
	0.650
	0.001
	0.881
	0.479

	
	
	Trachelomonas tx11
	0.649
	0.003
	0.722
	0.583

	
	
	Euglena archaeoplastidiata
	0.658
	0.002
	0.649
	0.667

	
	
	Trachelomonas oblonga
	0.657
	0.001
	0.988
	0.438

	
	
	Lepocinclis fominii
	0.691
	0.001
	0.997
	0.479

	
	
	Phacus raciborskii
	0.645
	0.001
	0.952
	0.438

	
	
	Lepocinclis gracillicauda
	0.803
	0.001
	0.997
	0.646

	
	
	Lepocinclis fusiformis
	0.616
	0.001
	0.759
	0.500

	
	
	Trachelomonas lefevrei
	0.617
	0.001
	0.913
	0.417

	
	
	Lepocinclis pseudofominii
	0.629
	0.001
	1.000
	0.396

	
	
	Strombomonas acuminata
	0.626
	0.001
	0.569
	0.688

	
	
	Trachelomonas nepos
	0.645
	0.001
	1.000
	0.417

	
	Pomerania
	Monomorphina pyriformis
	0.606
	0.009
	0.606
	0.606

	Season
	Summer
	Trachelomonas tx11
	0.610
	0.006
	0.841
	0.442

	Trophic state

	Eutrophic
	Trachelomonas tx01
	0.631
	0.001
	0.632
	0.630

	
	
	Phacus convexus
	0.607
	0.001
	0.891
	0.413

	
	
	Flexiglena variabilis
	0.740
	0.001
	0.664
	0.826

	
	
	Lepocinclis globulus
	0.636
	0.001
	0.744
	0.543

	
	
	Trachelomonas tx11
	0.740
	0.001
	0.934
	0.587

	
	
	Trachelomonas oblonga
	0.657
	0.001
	0.994
	0.435

	
	
	Euglenaformis parasitica
	0.623
	0.001
	0.992
	0.391

	
	
	Trachelomonas intermedia
	0.716
	0.001
	0.674
	0.761

	
	
	Phacus pleuronectes
	0.758
	0.001
	0.827
	0.696

	
	
	Trachelomonas lefevrei
	0.730
	0.001
	0.980
	0.543

	
	
	Strombomonas acuminata
	0.704
	0.001
	0.813
	0.609

	
	Hypereutrophic (TSI 80-90)
	Trachelomonas compacta
	0.683
	0.004
	0.739
	0.631

	
	
	Colacium epiphyticum
	0.601
	0.001
	0.821
	0.440

	
	Hypereutrophic (TSI >90)
	Euglenaria clavata
	0.623
	0.003
	0.581
	0.667

	
	
	Euglena agilis
	0.653
	0.006
	0.556
	0.767

	
	
	Phacus caudatus
	0.628
	0.004
	0.623
	0.633

	
	
	Phacus mangini
	0.612
	0.001
	0.899
	0.417

	Site size

	Large
	Trachelomonas compacta
	0.634
	0.047
	0.770
	0.522

	
	
	Phacus mariae
	0.606
	0.001
	0.803
	0.457

	
	
	Phacus pleuronectes
	0.655
	0.001
	0.821
	0.522

	
	Medium
	Trachelomonas papillifera
	0.662
	0.001
	0.915
	0.479

	
	
	Euglena geniculata
	0.608
	0.001
	0.985
	0.375

	
	Small
	Trachelomonas volvocinopsis
	0.647
	0.001
	0.743
	0.563

	
	
	Discoplastis excavata
	0.639
	0.001
	0.981
	0.417

	
	
	Monomorphina pyrum
	0.774
	0.001
	0.846
	0.708

	Pond surroundings

	Cropland
	Trachelomonas compacta
	0.762
	0.001
	0.746
	0.778

	
	
	Phacus mangini
	0.650
	0.001
	0.801
	0.528

	
	
	Discoplastis excavata
	0.635
	0.001
	0.968
	0.417

	
	
	Lepocinclis fusiformis
	0.656
	0.001
	0.775
	0.556

	
	Grassland
	Trachelomonas tx14
	0.619
	0.004
	0.907
	0.422

	
	Mosaic
	Euglenaria caudata
	0.819
	0.001
	0.832
	0.806

	
	
	Euglena agilis
	0.639
	0.002
	0.526
	0.778

	
	
	Phacus caudatus
	0.610
	0.002
	0.515
	0.722

	
	Urban
	Phacus circumflexus
	0.797
	0.001
	0.855
	0.743

	
	
	Trachelomonas niezabitowski
	0.635
	0.001
	0.941
	0.429





Table S11 Summary of indicator species (stat > 0.6, p < 0.05) for specific sampling sites. For every species we indicate the indicator statistic (stat), p-value, and qualitative descriptors of exclusivity (A) and fidelity (B). Exclusivity (A) refers to the degree to which a species occurs only in the specified site, whereas fidelity (B) reflects the consistency of occurrence within that site
	Sampling site
	Species
	stat
	p-value
	A
	B

	MO_Ceg
	Euglena geniculata
	0.802
	0.001
	0.643
	1.000

	MO_IK1
	Lepocinclis longissima
	0.759
	0.001
	0.768
	0.750

	
	Phacus mangini
	0.777
	0.001
	0.604
	1.000

	
	Discoplastis excavata
	0.744
	0.001
	0.948
	0.583

	
	Euglena pseudoviridis
	0.767
	0.001
	0.589
	1.000

	
	Phacus anacoelus
	0.816
	0.001
	1.000
	0.667

	MO_IK2
	Phacus circumflexus
	0.720
	0.001
	0.565
	0.917

	MO_INo
	Trachelomonas irregularis
	0.620
	0.001
	0.659
	0.583

	
	Euglena stellata
	0.690
	0.001
	0.715
	0.667

	
	Strombomonas schauinslandii
	0.818
	0.001
	0.730
	0.917

	
	Trachelomonas glebis
	0.764
	0.001
	1.000
	0.583

	
	Strombomonas gibberosa
	0.707
	0.001
	1.000
	0.500

	
	Strombomonas borystheniensis
	0.639
	0.001
	0.981
	0.417

	MO_Jel
	Trachelomonas tx08
	0.667
	0.001
	0.611
	0.727

	MO_Zab
	Euglenaria anabaena
	0.691
	0.001
	0.520
	0.917

	MU_Gra
	Phacus convexus
	0.692
	0.001
	0.718
	0.667

	
	Trachelomonas oblonga
	0.606
	0.002
	0.401
	0.917

	
	Lepocinclis fominii
	0.634
	0.001
	0.603
	0.667

	
	Trachelomonas lefevrei
	0.734
	0.001
	0.647
	0.833

	MU_Mik
	Euglenaria clepsydroides
	0.622
	0.001
	0.773
	0.500

	
	Trachelomonas bacillifera var. minima
	0.707
	0.001
	0.999
	0.500

	MU_Tal
	Lepocinclis globulus
	0.616
	0.001
	0.506
	0.750

	
	Trachelomonas abrupta
	0.762
	0.001
	0.775
	0.750

	MU_Ur19
	Trachelomonas compacta
	0.706
	0.001
	0.598
	0.833

	
	Trachelomonas charkowiensis
	0.956
	0.001
	0.998
	0.917

	
	Trachelomonas zuberi
	0.641
	0.001
	0.616
	0.667

	
	Phacus mariae
	0.729
	0.001
	0.531
	1.000

	
	Euglenaformis chlorophoenicea
	0.703
	0.001
	0.660
	0.750

	
	Lepocinclis autumnalis
	0.704
	0.001
	0.991
	0.500

	
	Trachelomonas manschurica
	0.958
	0.001
	0.917
	1.000

	
	Lepocinclis fusiformis
	0.707
	0.001
	0.546
	0.917

	
	Phacus viridioryza
	0.782
	0.001
	0.816
	0.750

	
	Lepocinclis pseudofominii
	0.837
	0.001
	0.841
	0.833

	
	Cryptoglena crx01
	0.911
	0.001
	0.997
	0.833

	
	Trachelomonas klebsii
	0.640
	0.001
	0.820
	0.500

	
	Trachelomonas nepos
	0.867
	0.001
	0.903
	0.833

	
	Trachelomonas cylindrica
	0.628
	0.001
	0.677
	0.583

	
	Trachelomonas volzii
	0.643
	0.001
	0.827
	0.500

	PO_Jec
	Euglenaformis parasitica
	0.690
	0.001
	0.873
	0.545

	
	Phacus pleuronectes
	0.727
	0.003
	0.646
	0.818

	
	Strombomonas triquetra
	0.616
	0.002
	0.835
	0.455

	PO_Kop
	Euglena deses
	0.644
	0.002
	0.830
	0.500

	PO_RMl
	Phacus tortus
	0.728
	0.001
	0.637
	0.833

	
	Discoplastis adunca
	0.911
	0.001
	0.831
	1.000

	
	Lepocinclis tripteris
	0.954
	0.001
	0.909
	1.000

	
	Phacus curvicauda
	0.614
	0.001
	0.377
	1.000

	
	Discoplastis gasterosteus
	0.965
	0.001
	0.932
	1.000

	PO_Ryb1
	Phacus smulkowskianus
	0.764
	0.001
	1.000
	0.583

	PO_Ryb2
	Trachelomonas globularis
	0.641
	0.001
	0.548
	0.750

	
	Phacus hamatusX
	0.715
	0.001
	0.613
	0.833

	
	Trachelomonas crenulatocollis
	0.865
	0.001
	0.997
	0.750







Table S12 Results of Likelihood Ratio Tests (LRT) for the effects of environmental and spatial factors on community composition. ΔAIC indicates the change in Akaike Information Criterion relative to the reduced model. p-values were obtained from permutation-based LRTs. Significance was assessed using permutation tests (999 permutations)
	Factor
	Df
	LRT
	ΔAIC
	p-value

	Site
	15
	112.349
	82.35
	<0.001

	Region
	2
	18.744
	10.74
	<0.001

	Season
	2
	0.871
	-3.13
	0.647

	Year
	0
	0.000
	0.00
	1.000

	Trophic state
	2
	4.989
	0.99
	0.083

	Site size
	2
	0.465
	-3.54
	0.793

	Pond surroundings
	3
	11.980
	5.98
	0.007






Table S13 Summary of mixed-effects models predicting species richness. Estimates, standard errors (SE), z-values, and p-values are shown for each term. Marginal and conditional R² values indicate variance explained by fixed effects alone and by the full model, respectively. The random site effect shows the variance (Var) and standard deviation (SD) of site-specific intercepts, with n indicating the number of sites. AIC values are provided for model comparison
	Model
	Term
	Estimate
	Std. Error
	z-value
	p-value

	1. Richness ~ Region + Year + (1 | Site)
	(Intercept)
	2.9997
	0.091
	32.945
	<0.001

	
	region Masovia
	0.1272
	0.119
	1.069
	0.285

	
	region Masuria
	0.5100
	0.132
	3.873
	<0.001

	
	year 2017
	0.144
	0.059
	2.422
	0.015

	
	year 2019
	0.0001
	0.059
	0.002
	0.998

	
	R² (marginal)
	0.244
	-
	-
	-

	
	R² (conditional)
	0.419
	-
	-
	-

	
	Random effect (site) 
	Var = 0.001, SD = 0.033, n = 16
	-
	-
	-

	
	AIC
	1377.97
	-
	-
	-

	2. Richness ~ Site 
+ Year
	(Intercept)
	3.169
	0.098
	32.25
	<0.001

	
	site MO_Ceg
	-0.527
	0.138
	-3.81
	<0.001

	
	site MO_IK1
	0.233
	0.127
	1.83
	0.067

	
	site MO_IK2
	-0.094
	0.130
	-0.72
	0.470

	
	site MO_INo
	0.135
	0.128
	1.05
	0.292

	
	site MO_Jel
	0.286
	0.129
	2.22
	0.027

	
	site MO_Zab
	-0.340
	0.135
	-2.53
	0.011

	
	site MU_Gra
	0.376
	0.125
	3.01
	0.003

	
	site MU_Mik
	0.201
	0.127
	1.58
	0.113

	
	site MU_Tal
	0.416
	0.125
	3.33
	<0.001

	
	site MU_Ur19
	0.359
	0.126
	2.86
	0.004

	
	site PO_Jec
	-0.095
	0.134
	-0.71
	0.479

	
	site PO_Kop
	-0.363
	0.135
	-2.69
	0.007

	
	site PO_RMl
	-0.206
	0.132
	-1.56
	0.120

	
	site PO_Ryb1
	-0.350
	0.135
	-2.60
	0.009

	
	site PO_Ryb2
	-0.023
	0.130
	-0.18
	0.859

	
	year 2017
	0.146
	0.057
	2.57
	0.010

	
	year 2019
	0.001
	0.057
	0.01
	0.993

	
	R² (marginal)
	0.475
	-
	-
	-

	
	R² (conditional)
	0.475
	-
	-
	-

	
	AIC
	1360.93
	-
	-
	-

	3. Richness ~ Season + Year + (1 | Site)
	(Intercept)
	3.189
	0.084
	38.172
	<0.001

	
	season spring
	-0.054
	0.059
	-0.921
	0.357

	
	season fall
	-0.009
	0.059
	-0.149
	0.882

	
	year 2017
	0.147
	0.059
	2.483
	0.013

	
	year 2019
	0.001
	0.059
	0.016
	0.987

	
	R² (marginal)
	0.028
	-
	-
	-

	
	R² (conditional)
	0.425
	-
	-
	-

	
	Random effect (site) 
	Var = 0.006, SD = 0.074, n = 16
	-
	-
	-

	
	AIC
	1387.91
	-
	-
	-

	4. Richness ~  Year 
+ (1 | Site)
	(Intercept)
	3.174
	0.080
	39.614
	<0.001

	
	year 2017
	0.147
	0.059
	2.472
	0.013

	
	year 2019
	0.0005
	0.059
	0.008
	0.994

	
	R² (marginal)
	0.025
	-
	-
	-

	
	R² (conditional)
	0.422
	-
	-
	-

	
	Random effect (site) 
	Var = 0.006, SD = 0.074, n = 16
	-
	-
	-

	
	AIC
	1384.78
	-
	-
	-

	5. Richness ~ Trophic State + Year + (1 | Site)
	(Intercept)
	3.139
	0.100
	31.511
	<0.001

	
	eutrophic
	0.279
	0.155
	1.805
	0.071

	
	hypereutrophic 90+
	-0.113
	0.145
	-0.781
	0.435

	
	year 2017
	0.148
	0.059
	2.499
	0.012

	
	year 2019
	0.001
	0.059
	0.012
	0.991

	
	R² (marginal)
	0.141
	-
	-
	-

	
	R² (conditional)
	0.419
	-
	-
	-

	
	Random effect (site) 
	Var = 0.003, SD = 0.052, n = 16
	-
	-
	-

	
	AIC
	1383.79
	-
	-
	-

	6. Richness ~ Site Size + Year + (1 | Site)
	(Intercept)
	3.144
	0.107
	29.421
	<0.001

	
	site small
	0.005
	0.175
	0.027
	0.978

	
	site large
	0.115
	0.175
	0.656
	0.512

	
	year 2017
	0.147
	0.059
	2.485
	0.013

	
	year 2019
	0.0004
	0.059
	0.006
	0.995

	
	R² (marginal)
	0.037
	-
	-
	-

	
	R² (conditional)
	0.422
	-
	-
	-

	
	Random effect (site) 
	Var = 0.005, SD = 0.072, n = 16
	-
	-
	-

	
	AIC
	1388.31
	-
	-
	-

	7. Richness ~ Pond Surroundings + Year + (1 | Site)
	(Intercept)
	3.290
	0.083
	39.840
	<0.001

	
	cropland
	0.080
	0.137
	0.580
	0.560

	
	urban
	-0.172
	0.138
	-1.250
	0.212

	
	mosaic
	-0.525
	0.139
	-3.770
	<0.001

	
	year 2017
	0.145
	0.059
	2.450
	0.014

	
	year 2019
	-0.001
	0.059
	-0.020
	0.987

	
	R² (marginal)
	0.266
	-
	-
	-

	
	R² (conditional)
	0.427
	-
	-
	-

	
	Random effect (site) 
	Var = 0.001, SD = 0.030, n = 16
	-
	-
	-

	
	AIC
	1378.80
	-
	-
	-





Table S14. Pairwise comparisons of estimated marginal means for all studied factors. Ratios represent relative differences between levels, with associated standard errors (SE) and z-ratios and significance indicated by p-values

	Factor
	Comparison
	Ratio
	SE
	z-ratio
	p-value

	Region

	Pomerania / Masovia
	0.88
	0.105
	-1.07
	0.533

	
	Pomerania / Masuria
	0.60
	0.079
	-3.87
	<0.001

	
	Masovia / Masuria
	0.68
	0.090
	-2.91
	0.01

	Site
	MO_Ceg / MO_IK1
	0.47
	0.063
	-5.60
	<0.001

	
	MO_Ceg / MO_IK2
	0.65
	0.090
	-3.11
	0.128

	
	MO_Ceg / MO_INo
	0.52
	0.071
	-4.84
	<0.001

	
	MO_Ceg / MO_Jel
	0.44
	0.061
	-5.90
	<0.001

	
	MO_Ceg / MO_Zab
	0.83
	0.119
	-1.30
	0.996

	
	MO_Ceg / MU_Gra
	0.41
	0.054
	-6.73
	<0.001

	
	MO_Ceg / MU_Mik
	0.48
	0.066
	-5.36
	<0.001

	
	MO_Ceg / MU_Tal
	0.39
	0.052
	-7.04
	<0.001

	
	MO_Ceg / MU_Ur19
	0.41
	0.055
	-6.59
	<0.001

	
	MO_Ceg / PO_Jec
	0.65
	0.093
	-3.03
	0.158

	
	MO_Ceg / PO_Kop
	0.85
	0.122
	-1.15
	0.999

	
	MO_Ceg / PO_Per
	0.59
	0.082
	-3.81
	0.013

	
	MO_Ceg / PO_RMl
	0.73
	0.102
	-2.28
	0.64

	
	MO_Ceg / PO_Ryb1
	0.84
	0.120
	-1.23
	0.998

	
	MO_Ceg / PO_Ryb2
	0.60
	0.084
	-3.64
	0.024

	
	MO_IK1 / MO_IK2
	1.39
	0.178
	2.55
	0.433

	
	MO_IK1 / MO_INo
	1.10
	0.138
	0.78
	1.000

	
	MO_IK1 / MO_Jel
	0.95
	0.120
	-0.42
	1.000

	
	MO_IK1 / MO_Zab
	1.77
	0.234
	4.34
	0.002

	
	MO_IK1 / MU_Gra
	0.87
	0.106
	-1.17
	0.999

	
	MO_IK1 / MU_Mik
	1.03
	0.128
	0.25
	1.000

	
	MO_IK1 / MU_Tal
	0.83
	0.102
	-1.50
	0.983

	
	MO_IK1 / MU_Ur19
	0.88
	0.108
	-1.03
	1.000

	
	MO_IK1 / PO_Jec
	1.39
	0.183
	2.49
	0.479

	
	MO_IK1 / PO_Kop
	1.81
	0.240
	4.49
	<0.001

	
	MO_IK1 / PO_Per
	1.26
	0.160
	1.83
	0.904

	
	MO_IK1 / PO_RMl
	1.55
	0.201
	3.38
	0.058

	
	MO_IK1 / PO_Ryb1
	1.79
	0.237
	4.41
	0.001

	
	MO_IK1 / PO_Ryb2
	1.29
	0.164
	2.01
	0.82

	
	MO_IK2 / MO_INo
	0.80
	0.103
	-1.77
	0.926

	
	MO_IK2 / MO_Jel
	0.68
	0.089
	-2.92
	0.205

	
	MO_IK2 / MO_Zab
	1.28
	0.174
	1.81
	0.913

	
	MO_IK2 / MU_Gra
	0.62
	0.079
	-3.72
	0.018

	
	MO_IK2 / MU_Mik
	0.74
	0.095
	-2.30
	0.622

	
	MO_IK2 / MU_Tal
	0.60
	0.076
	-4.04
	0.005

	
	MO_IK2 / MU_Ur19
	0.64
	0.081
	-3.57
	0.031

	
	MO_IK2 / PO_Jec
	1.00
	0.136
	0.01
	1.000

	
	MO_IK2 / PO_Kop
	1.31
	0.178
	1.97
	0.841

	
	MO_IK2 / PO_Per
	0.91
	0.119
	-0.72
	1.000

	
	MO_IK2 / PO_RMl
	1.12
	0.149
	0.84
	1.000

	
	MO_IK2 / PO_Ryb1
	1.29
	0.176
	1.88
	0.884

	
	MO_IK2 / PO_Ryb2
	0.93
	0.122
	-0.54
	1.000

	
	MO_INo / MO_Jel
	0.86
	0.109
	-1.19
	0.999

	
	MO_INo / MO_Zab
	1.61
	0.214
	3.57
	0.031

	
	MO_INo / MU_Gra
	0.79
	0.097
	-1.96
	0.85

	
	MO_INo / MU_Mik
	0.94
	0.117
	-0.53
	1.000

	
	MO_INo / MU_Tal
	0.76
	0.093
	-2.28
	0.64

	
	MO_INo / MU_Ur19
	0.80
	0.099
	-1.81
	0.913

	
	MO_INo / PO_Jec
	1.26
	0.167
	1.73
	0.938

	
	MO_INo / PO_Kop
	1.64
	0.219
	3.73
	0.018

	
	MO_INo / PO_Per
	1.14
	0.146
	1.05
	1.000

	
	MO_INo / PO_RMl
	1.41
	0.184
	2.61
	0.395

	
	MO_INo / PO_Ryb1
	1.62
	0.217
	3.64
	0.024

	
	MO_INo / PO_Ryb2
	1.17
	0.150
	1.23
	0.998

	
	MO_Jel / MO_Zab
	1.87
	0.251
	4.67
	<0.001

	
	MO_Jel / MU_Gra
	0.91
	0.114
	-0.72
	1.000

	
	MO_Jel / MU_Mik
	1.09
	0.138
	0.67
	1.000

	
	MO_Jel / MU_Tal
	0.88
	0.109
	-1.04
	1.000

	
	MO_Jel / MU_Ur19
	0.93
	0.116
	-0.58
	1.000

	
	MO_Jel / PO_Jec
	1.46
	0.196
	2.85
	0.239

	
	MO_Jel / PO_Kop
	1.91
	0.257
	4.82
	<0.001

	
	MO_Jel / PO_Per
	1.33
	0.172
	2.22
	0.684

	
	MO_Jel / PO_RMl
	1.64
	0.216
	3.73
	0.018

	
	MO_Jel / PO_Ryb1
	1.89
	0.254
	4.74
	<0.001

	
	MO_Jel / PO_Ryb2
	1.36
	0.176
	2.39
	0.554

	
	MO_Zab / MU_Gra
	0.49
	0.064
	-5.49
	<0.001

	
	MO_Zab / MU_Mik
	0.58
	0.077
	-4.09
	0.004

	
	MO_Zab / MU_Tal
	0.47
	0.061
	-5.80
	<0.001

	
	MO_Zab / MU_Ur19
	0.50
	0.065
	-5.34
	<0.001

	
	MO_Zab / PO_Jec
	0.78
	0.109
	-1.76
	0.93

	
	MO_Zab / PO_Kop
	1.02
	0.143
	0.16
	1.000

	
	MO_Zab / PO_Per
	0.71
	0.096
	-2.53
	0.45

	
	MO_Zab / PO_RMl
	0.87
	0.120
	-0.98
	1.000

	
	MO_Zab / PO_Ryb1
	1.01
	0.141
	0.07
	1.000

	
	MO_Zab / PO_Ryb2
	0.73
	0.098
	-2.35
	0.585

	
	MU_Gra / MU_Mik
	1.19
	0.146
	1.43
	0.989

	
	MU_Gra / MU_Tal
	0.96
	0.116
	-0.33
	1.000

	
	MU_Gra / MU_Ur19
	1.02
	0.123
	0.14
	1.000

	
	MU_Gra / PO_Jec
	1.60
	0.209
	3.62
	0.026

	
	MU_Gra / PO_Kop
	2.09
	0.274
	5.64
	<0.001

	
	MU_Gra / PO_Per
	1.46
	0.182
	3.01
	0.166

	
	MU_Gra / PO_RMl
	1.79
	0.230
	4.54
	<0.001

	
	MU_Gra / PO_Ryb1
	2.07
	0.271
	5.55
	<0.001

	
	MU_Gra / PO_Ryb2
	1.49
	0.187
	3.18
	0.105

	
	MU_Mik / MU_Tal
	0.81
	0.099
	-1.76
	0.932

	
	MU_Mik / MU_Ur19
	0.85
	0.105
	-1.29
	0.996

	
	MU_Mik / PO_Jec
	1.34
	0.177
	2.24
	0.666

	
	MU_Mik / PO_Kop
	1.76
	0.233
	4.25
	0.002

	
	MU_Mik / PO_Per
	1.22
	0.155
	1.58
	0.971

	
	MU_Mik / PO_RMl
	1.50
	0.195
	3.13
	0.12

	
	MU_Mik / PO_Ryb1
	1.74
	0.230
	4.16
	0.003

	
	MU_Mik / PO_Ryb2
	1.25
	0.159
	1.76
	0.931

	
	MU_Tal / MU_Ur19
	1.06
	0.128
	0.47
	1.000

	
	MU_Tal / PO_Jec
	1.67
	0.217
	3.93
	0.009

	
	MU_Tal / PO_Kop
	2.18
	0.284
	5.96
	<0.001

	
	MU_Tal / PO_Per
	1.52
	0.189
	3.33
	0.067

	
	MU_Tal / PO_RMl
	1.86
	0.238
	4.86
	<0.001

	
	MU_Tal / PO_Ryb1
	2.15
	0.281
	5.86
	<0.001

	
	MU_Tal / PO_Ryb2
	1.55
	0.194
	3.50
	0.039

	
	MU_Ur19 / PO_Jec
	1.58
	0.205
	3.49
	0.041

	
	MU_Ur19 / PO_Kop
	2.06
	0.270
	5.50
	<0.001

	
	MU_Ur19 / PO_Per
	1.43
	0.180
	2.86
	0.235

	
	MU_Ur19 / PO_RMl
	1.76
	0.226
	4.40
	0.001

	
	MU_Ur19 / PO_Ryb1
	2.03
	0.267
	5.41
	<0.001

	
	MU_Ur19 / PO_Ryb2
	1.47
	0.184
	3.04
	0.154

	
	PO_Jec / PO_Kop
	1.31
	0.182
	1.92
	0.869

	
	PO_Jec / PO_Per
	0.91
	0.122
	-0.71
	1.000

	
	PO_Jec / PO_RMl
	1.12
	0.153
	0.81
	1.000

	
	PO_Jec / PO_Ryb1
	1.29
	0.180
	1.83
	0.905

	
	PO_Jec / PO_Ryb2
	0.93
	0.125
	-0.54
	1.000

	
	PO_Kop / PO_Per
	0.70
	0.094
	-2.69
	0.338

	
	PO_Kop / PO_RMl
	0.85
	0.118
	-1.14
	0.999

	
	PO_Kop / PO_Ryb1
	0.99
	0.138
	-0.09
	1.000

	
	PO_Kop / PO_Ryb2
	0.71
	0.096
	-2.51
	0.464

	
	PO_Per / PO_RMl
	1.23
	0.162
	1.56
	0.976

	
	PO_Per / PO_Ryb1
	1.42
	0.191
	2.60
	0.399

	
	PO_Per / PO_Ryb2
	1.02
	0.133
	0.18
	1.000

	
	PO_RMl / PO_Ryb1
	1.16
	0.159
	1.05
	1.000

	
	PO_RMl / PO_Ryb2
	0.83
	0.110
	-1.38
	0.993

	
	PO_Ryb1 / PO_Ryb2
	0.72
	0.097
	-2.42
	0.53

	Season

	summer / spring
	1.06
	0.062
	0.92
	0.627

	
	summer / fall
	1.01
	0.060
	0.15
	0.988

	
	spring / fall
	0.96
	0.065
	-0.67
	0.783

	Year

	year2018 / year2017
	0.86
	0.051
	-2.47
	0.036

	
	year2018 / year2019
	1.00
	0.059
	-0.01
	1.000

	
	year2017 / year2019
	1.16
	0.069
	2.47
	0.036

	Trophic state
	hypereutrophic (TSI 80-90) / eutrophic
	0.76
	0.117
	-1.81
	0.168

	
	hypereutrophic (TSI 80-90) / hypereutrophic (TSI >90)
	1.12
	0.163
	0.78
	0.715

	
	eutrophic / hypereutrophic (TSI >90)
	1.48
	0.246
	2.37
	0.047

	Site size
	medium / small
	1.00
	0.174
	-0.03
	1.000

	
	medium / large
	0.89
	0.156
	-0.66
	0.789

	
	small / large
	0.90
	0.181
	-0.54
	0.849

	Pond surroundings
	grassland / cropland
	0.92
	0.126
	-0.58
	0.937

	
	grassland / urban
	1.19
	0.164
	1.25
	0.595

	
	grassland / mosaic
	1.69
	0.236
	3.77
	<0.001

	
	cropland / urban
	1.29
	0.209
	1.55
	0.408

	
	cropland / mosaic
	1.83
	0.300
	3.69
	0.001

	
	urban / mosaic
	1.42
	0.234
	2.14
	0.141




Table S15 Results of PERMANOVA and homogeneity of multivariate dispersion (betadisper) tests for categorical spatial, temporal and environmental variables on community composition. R² and p-values from PERMANOVA, as well as F-values and p-values from dispersion tests, are shown

	Factor
	PERMANOVA R²
	PERMANOVA p-value
	Dispersion F-value
	Dispersion p-value

	Region
	0.110
	<0.001
	3.512
	0.032

	Site
	0.533
	<0.001
	4.307
	<0.001

	Season
	0.017
	0.153
	0.909
	0.405

	Year
	0.019
	0.038
	0.125
	0.883

	Trophic state
	0.100
	<0.001
	8.921
	<0.001

	Site size
	0.074
	<0.001
	1.428
	0.243

	Pond surroundings
	0.106
	<0.001
	4.877
	0.003





Table S16 Results of pairwise PERMANOVA tests for all studied factors. Values represent R² (proportion of dissimilarity explained by group identity within each two-group subset), F-values, and associated significance, with adjusted p-values accounting for multiple comparisons. Differences between levels of each factor are indicated by the Comparison column, highlighting significant contrasts
	Factor
	Comparison
	R²
	F-value
	p-value
	Adjusted p-value

	Region

	Masovia-Masuria
	0.120
	12.3
	<0.001
	<0.001

	
	Masovia-Pomerania
	0.059
	7.08
	<0.001
	<0.001

	
	Masuria-Pomerania
	0.087
	8.82
	<0.001
	<0.001

	Site

	MO_Jel-MO_IK2
	0.309
	7.62
	<0.001
	0.00103

	
	MO_Jel-MO_INo
	0.391
	10.9
	<0.001
	0.00103

	
	MO_Jel-MO_IK1
	0.405
	11.6
	<0.001
	0.00103

	
	MO_Jel-MO_Ceg
	0.551
	18.4
	<0.001
	0.00103

	
	MO_Jel-MO_Zab
	0.377
	9.67
	<0.001
	0.00103

	
	MO_Jel-MU_Mik
	0.212
	4.29
	0.002
	0.002

	
	MO_Jel-MU_Gra
	0.354
	8.77
	<0.001
	0.00103

	
	MO_Jel-MU_Ur19
	0.462
	13.8
	<0.001
	0.00103

	
	MO_Jel-MU_Tal
	0.296
	6.72
	<0.001
	0.00103

	
	MO_Jel-PO_Jec
	0.243
	5.14
	<0.001
	0.00103

	
	MO_Jel-PO_Ryb2
	0.326
	8.22
	<0.001
	0.00103

	
	MO_Jel-PO_Ryb1
	0.280
	6.62
	<0.001
	0.00103

	
	MO_Jel-PO_Per
	0.318
	7.94
	<0.001
	0.00103

	
	MO_Jel-PO_RMl
	0.554
	21.1
	<0.001
	0.00103

	
	MO_Jel-PO_Kop
	0.313
	7.75
	<0.001
	0.00103

	
	MO_IK2-MO_INo
	0.279
	6.95
	<0.001
	0.00103

	
	MO_IK2-MO_IK1
	0.321
	8.52
	<0.001
	0.00103

	
	MO_IK2-MO_Ceg
	0.443
	12.7
	<0.001
	0.00103

	
	MO_IK2-MO_Zab
	0.343
	8.87
	<0.001
	0.00103

	
	MO_IK2-MU_Mik
	0.239
	5.34
	<0.001
	0.00103

	
	MO_IK2-MU_Gra
	0.389
	10.8
	<0.001
	0.00103

	
	MO_IK2-MU_Ur19
	0.435
	13.1
	<0.001
	0.00103

	
	MO_IK2-MU_Tal
	0.344
	8.90
	<0.001
	0.00103

	
	MO_IK2-PO_Jec
	0.317
	7.89
	<0.001
	0.00103

	
	MO_IK2-PO_Ryb2
	0.385
	11.3
	<0.001
	0.00103

	
	MO_IK2-PO_Ryb1
	0.320
	8.46
	<0.001
	0.00103

	
	MO_IK2-PO_Per
	0.282
	7.06
	<0.001
	0.00103

	
	MO_IK2-PO_RMl
	0.330
	8.87
	<0.001
	0.00103

	
	MO_IK2-PO_Kop
	0.340
	9.27
	<0.001
	0.00103

	
	MO_INo-MO_IK1
	0.392
	11.6
	<0.001
	0.00103

	
	MO_INo-MO_Ceg
	0.462
	13.7
	<0.001
	0.00103

	
	MO_INo-MO_Zab
	0.380
	10.4
	<0.001
	0.00103

	
	MO_INo-MU_Mik
	0.304
	7.41
	<0.001
	0.00103

	
	MO_INo-MU_Gra
	0.478
	15.6
	<0.001
	0.00103

	
	MO_INo-MU_Ur19
	0.552
	20.95
	<0.001
	0.00103

	
	MO_INo-MU_Tal
	0.433
	13.0
	<0.001
	0.00103

	
	MO_INo-PO_Jec
	0.379
	10.4
	<0.001
	0.00103

	
	MO_INo-PO_Ryb2
	0.470
	16.0
	<0.001
	0.00103

	
	MO_INo-PO_Ryb1
	0.344
	9.45
	<0.001
	0.00103

	
	MO_INo-PO_Per
	0.318
	8.41
	<0.001
	0.00103

	
	MO_INo-PO_RMl
	0.447
	14.5
	<0.001
	0.00103

	
	MO_INo-PO_Kop
	0.375
	10.8
	<0.001
	0.00103

	
	MO_IK1-MO_Ceg
	0.387
	10.1
	<0.001
	0.00103

	
	MO_IK1-MO_Zab
	0.420
	12.3
	<0.001
	0.00103

	
	MO_IK1-MU_Mik
	0.287
	6.85
	<0.001
	0.00103

	
	MO_IK1-MU_Gra
	0.369
	9.95
	<0.001
	0.00103

	
	MO_IK1-MU_Ur19
	0.480
	15.7
	<0.001
	0.00103

	
	MO_IK1-MU_Tal
	0.334
	8.51
	<0.001
	0.00103

	
	MO_IK1-PO_Jec
	0.311
	7.68
	<0.001
	0.00103

	
	MO_IK1-PO_Ryb2
	0.487
	17.1
	<0.001
	0.00103

	
	MO_IK1-PO_Ryb1
	0.321
	8.51
	<0.001
	0.00103

	
	MO_IK1-PO_Per
	0.337
	9.14
	<0.001
	0.00103

	
	MO_IK1-PO_RMl
	0.557
	22.6
	<0.001
	0.00103

	
	MO_IK1-PO_Kop
	0.356
	9.96
	<0.001
	0.00103

	
	MO_Ceg-MO_Zab
	0.425
	11.1
	<0.001
	0.00103

	
	MO_Ceg-MU_Mik
	0.377
	9.08
	<0.001
	0.00103

	
	MO_Ceg-MU_Gra
	0.508
	15.5
	<0.001
	0.00103

	
	MO_Ceg-MU_Ur19
	0.594
	21.9
	<0.001
	0.00103

	
	MO_Ceg-MU_Tal
	0.491
	14.5
	<0.001
	0.00103

	
	MO_Ceg-PO_Jec
	0.431
	11.4
	<0.001
	0.00103

	
	MO_Ceg-PO_Ryb2
	0.581
	22.2
	<0.001
	0.00103

	
	MO_Ceg-PO_Ryb1
	0.338
	8.15
	<0.001
	0.00103

	
	MO_Ceg-PO_Per
	0.385
	10.0
	<0.001
	0.00103

	
	MO_Ceg-PO_RMl
	0.639
	28.3
	<0.001
	0.00103

	
	MO_Ceg-PO_Kop
	0.471
	14.3
	<0.001
	0.00103

	
	MO_Zab-MU_Mik
	0.279
	6.19
	<0.001
	0.00103

	
	MO_Zab-MU_Gra
	0.445
	12.8
	<0.001
	0.00103

	
	MO_Zab-MU_Ur19
	0.558
	20.2
	<0.001
	0.00103

	
	MO_Zab-MU_Tal
	0.428
	11.97
	<0.001
	0.00103

	
	MO_Zab-PO_Jec
	0.386
	10.0
	<0.001
	0.00103

	
	MO_Zab-PO_Ryb2
	0.443
	13.5
	<0.001
	0.00103

	
	MO_Zab-PO_Ryb1
	0.311
	7.66
	<0.001
	0.00103

	
	MO_Zab-PO_Per
	0.320
	8.01
	<0.001
	0.00103

	
	MO_Zab-PO_RMl
	0.590
	24.5
	<0.001
	0.00103

	
	MO_Zab-PO_Kop
	0.365
	9.77
	<0.001
	0.00103

	
	MU_Mik-MU_Gra
	0.252
	5.38
	<0.001
	0.00103

	
	MU_Mik-MU_Ur19
	0.362
	9.07
	<0.001
	0.00103

	
	MU_Mik-MU_Tal
	0.251
	5.36
	<0.001
	0.00103

	
	MU_Mik-PO_Jec
	0.216
	4.40
	<0.001
	0.00103

	
	MU_Mik-PO_Ryb2
	0.302
	7.35
	<0.001
	0.00103

	
	MU_Mik-PO_Ryb1
	0.158
	3.19
	<0.001
	0.00103

	
	MU_Mik-PO_Per
	0.165
	3.35
	<0.001
	0.00103

	
	MU_Mik-PO_RMl
	0.449
	13.9
	<0.001
	0.00103

	
	MU_Mik-PO_Kop
	0.239
	5.32
	<0.001
	0.00103

	
	MU_Gra-MU_Ur19
	0.379
	9.75
	<0.001
	0.00103

	
	MU_Gra-MU_Tal
	0.170
	3.28
	0.002
	0.002

	
	MU_Gra-PO_Jec
	0.217
	4.45
	<0.001
	0.00103

	
	MU_Gra-PO_Ryb2
	0.425
	12.5
	<0.001
	0.00103

	
	MU_Gra-PO_Ryb1
	0.269
	6.26
	<0.001
	0.00103

	
	MU_Gra-PO_Per
	0.342
	8.83
	<0.001
	0.00103

	
	MU_Gra-PO_RMl
	0.578
	23.3
	<0.001
	0.00103

	
	MU_Gra-PO_Kop
	0.364
	9.75
	<0.001
	0.00103

	
	MU_Ur19-MU_Tal
	0.333
	7.97
	<0.001
	0.00103

	
	MU_Ur19-PO_Jec
	0.405
	10.9
	<0.001
	0.00103

	
	MU_Ur19-PO_Ryb2
	0.514
	17.99
	<0.001
	0.00103

	
	MU_Ur19-PO_Ryb1
	0.395
	11.08
	<0.001
	0.00103

	
	MU_Ur19-PO_Per
	0.502
	17.17
	<0.001
	0.00103

	
	MU_Ur19-PO_RMl
	0.612
	26.83
	<0.001
	0.00103

	
	MU_Ur19-PO_Kop
	0.477
	15.53
	<0.001
	0.00103

	
	MU_Tal-PO_Jec
	0.159
	3.01
	<0.001
	0.00103

	
	MU_Tal-PO_Ryb2
	0.368
	9.90
	<0.001
	0.00103

	
	MU_Tal-PO_Ryb1
	0.276
	6.50
	<0.001
	0.00103

	
	MU_Tal-PO_Per
	0.337
	8.63
	<0.001
	0.00103

	
	MU_Tal-PO_RMl
	0.559
	21.53
	<0.001
	0.00103

	
	MU_Tal-PO_Kop
	0.347
	9.02
	<0.001
	0.00103

	
	PO_Jec-PO_Ryb2
	0.351
	9.18
	<0.001
	0.00103

	
	PO_Jec-PO_Ryb1
	0.242
	5.42
	<0.001
	0.00103

	
	PO_Jec-PO_Per
	0.246
	5.55
	<0.001
	0.00103

	
	PO_Jec-PO_RMl
	0.511
	17.79
	0.002
	0.002

	
	PO_Jec-PO_Kop
	0.304
	7.44
	<0.001
	0.00103

	
	PO_Ryb2-PO_Ryb1
	0.285
	7.18
	<0.001
	0.00103

	
	PO_Ryb2-PO_Per
	0.383
	11.17
	<0.001
	0.00103

	
	PO_Ryb2-PO_RMl
	0.586
	25.43
	<0.001
	0.00103

	
	PO_Ryb2-PO_Kop
	0.331
	8.90
	<0.001
	0.00103

	
	PO_Ryb1-PO_Per
	0.260
	6.31
	<0.001
	0.00103

	
	PO_Ryb1-PO_RMl
	0.431
	13.64
	<0.001
	0.00103

	
	PO_Ryb1-PO_Kop
	0.238
	5.63
	<0.001
	0.00103

	
	PO_Per-PO_RMl
	0.494
	17.55
	<0.001
	0.00103

	
	PO_Per-PO_Kop
	0.290
	7.36
	<0.001
	0.00103

	
	PO_RMl-PO_Kop
	0.525
	19.90
	<0.001
	0.00103

	Season
	spring-summer
	0.017
	1.75
	0.018
	0.054

	
	spring-fall
	0.014
	1.04
	0.381
	0.524

	
	summer-fall
	0.008
	0.93
	0.524
	0.520

	Year
	2017-2018
	0.019
	1.68
	0.030
	0.077

	
	2017-2019
	0.014
	1.59
	0.051
	0.077

	
	2018-2019
	0.012
	1.13
	0.302
	0.302

	Trophic state
	eutrophic-hypereutrophic (TSI >90)
	0.113
	10.44
	<0.001
	<0.001

	
	eutrophic-hypereutrophic (TSI 80-90)
	0.089
	9.90
	<0.001
	<0.001

	
	hypereutrophic (TSI >90)- hypereutrophic (TSI 80-90)
	0.045
	5.36
	<0.001
	<0.001

	Site size
	large-medium
	0.053
	6.12
	<0.001
	<0.001

	
	large-small
	0.076
	6.07
	<0.001
	<0.001

	
	medium-small
	0.048
	5.67
	<0.001
	<0.001

	Pond surroundings
	urban-grassland
	0.042
	4.11
	<0.001
	<0.001

	
	urban-cropland
	0.091
	5.58
	<0.001
	<0.001

	
	urban-mosaic
	0.131
	8.16
	<0.001
	<0.001

	
	grassland-cropland
	0.044
	4.25
	<0.001
	<0.001

	
	grassland-mosaic
	0.078
	7.69
	<0.001
	<0.001

	
	cropland-mosaic
	0.109
	6.59
	<0.001
	<0.001




Table S17 Alpha diversity and Estimated Marginal Means (EMMs) across spatial, temporal and environmental factors. For each factor and group, N indicates the number of samples, Mean ± SD shows mean richness with standard deviation, Median (IQR) provides median richness with interquartile range, Range indicates minimum to maximum richness, Total is the total richness across samples, EMM gives the estimated marginal mean from emmeans, CLD presents compact letter display for significant differences among groups, and EMM Lower 95% CI and EMM Upper 95% CI provide the 95% confidence interval of the EMM

	Factor
	Group
	N
	Mean ± SD
	Median (IQR)
	Range
	Total
	EMM
	CLD
	EMM Lower 95% CI
	EMM Upper 95% CI

	Site
	MO_Ceg
	12
	14.75 ± 2.93
	14 (3.25)
	10-19
	38
	14.75
	a
	10.87
	20.01

	
	MO_IK1
	12
	31.42 ± 3.82
	32 (4.75)
	25-37
	72
	31.51
	cdef
	24.33
	40.81

	
	MO_IK2
	12
	22.92 ± 9.17
	20.5 (8.25)
	12-43
	71
	22.73
	abcd
	17.27
	29.92

	
	MO_INo
	12
	28.58 ± 5.6
	27 (9.5)
	22-38
	65
	28.57
	cdef
	21.97
	37.17

	
	MO_Jel
	11
	33 ± 7.32
	31 (8.5)
	20-47
	94
	33.25
	def
	25.43
	43.46

	
	MO_Zab
	12
	17.75 ± 2.8
	17 (3.5)
	13-22
	41
	17.77
	ab
	13.28
	23.77

	
	MU_Gra
	12
	36.58 ± 12.29
	35 (12)
	16-61
	98
	36.39
	ef
	28.28
	46.83

	
	MU_Mik
	12
	30.83 ± 15.6
	31 (29.75)
	13-54
	100
	30.53
	cdef
	23.55
	39.58

	
	MU_Tal
	12
	38.5 ± 17.58
	34.5 (28.25)
	12-64
	106
	37.84
	f
	29.45
	48.63

	
	MU_Ur19
	12
	35.58 ± 9.46
	37 (13)
	22-52
	91
	35.76
	ef
	27.76
	46.08

	
	PO_Jec
	11
	22.27 ± 11.08
	28 (15)
	3-34
	76
	22.71
	abcd
	17.00
	30.32

	
	PO_Kop
	12
	17.42 ± 7.28
	18.5 (7.5)
	3-30
	47
	17.38
	ab
	12.97
	23.28

	
	PO_Per
	12
	25.25 ± 9.11
	25.5 (15)
	11-37
	65
	24.97
	bcdef
	19.07
	32.70

	
	PO_RMl
	12
	20.42 ± 3.4
	20 (4.5)
	15-27
	40
	20.33
	abc
	15.34
	26.94

	
	PO_Ryb1
	12
	17.5 ± 5.32
	17.5 (5)
	8-26
	57
	17.59
	ab
	13.14
	23.55

	
	PO_Ryb2
	12
	24.42 ± 3.82
	23.5 (4.25)
	20-32
	61
	24.40
	bcde
	18.61
	32.00

	Region
	Masovia
	71
	24.62 ± 8.81
	23 (14.5)
	10-47
	143
	23.92
	a
	19.58
	29.23

	
	Masuria
	48
	35.38 ± 13.92
	34.5 (21.25)
	12-64
	151
	35.08
	b
	27.55
	44.66

	
	Pomerania
	71
	21.2 ± 7.56
	21 (9.5)
	3-37
	136
	21.07
	a
	17.22
	25.76

	Year
	2017
	62
	28.97 ± 14.25
	28.5 (16)
	3-64
	171
	27.67
	a
	22.86
	33.49

	
	2018
	64
	24.66 ± 9.57
	21.5 (15)
	3-48
	162
	23.90
	b
	19.74
	28.94

	
	2019
	64
	24.64 ± 9.42
	23 (12.25)
	10-52
	157
	23.91
	a
	19.75
	28.95

	Season
	Spring
	48
	24.96 ± 11.21
	23.5 (14.25)
	3-58
	161
	24.15
	a
	19.78
	29.48

	
	Summer
	95
	26.58 ± 11.37
	24 (15)
	5-61
	167
	25.50
	a
	21.26
	30.58

	
	Fall
	47
	26.13 ± 11.78
	24 (12.5)
	8-64
	164
	25.27
	a
	20.70
	30.86

	Pond surroundings
	Cropland
	36
	30.75 ± 8.79
	32 (12.25)
	11-52
	138
	30.51
	a
	22.96
	40.54

	
	Grassland
	83
	28.88 ± 12.61
	28 (13)
	3-64
	162
	28.17
	a
	23.37
	33.97

	
	Urban
	35
	24.2 ± 10.1
	22 (12.5)
	3-47
	124
	23.72
	ab
	17.78
	31.64

	
	Mosaic
	36
	16.67 ± 3.99
	17 (4.25)
	8-26
	81
	16.67
	b
	12.44
	22.33

	Site size
	Small
	48
	25.73 ± 11.45
	25.5 (14.25)
	3-61
	136
	24.48
	a
	17.41
	34.42

	
	Medium
	96
	25.38 ± 11.83
	22.5 (14.25)
	10-64
	159
	24.36
	a
	19.15
	31.00

	
	Large
	46
	27.83 ± 10.42
	28.5 (13.25)
	3-52
	148
	27.32
	a
	19.43
	38.42

	Trophic state
	Eutrophic
	46
	32.8 ± 13.83
	30.5 (10)
	3-64
	154
	32.08
	a
	23.90
	43.06

	
	Hypereutrophic (TSI 80-90)
	84
	25 ± 10.09
	22.5 (12.25)
	3-54
	155
	24.26
	ab
	19.41
	30.34

	
	Hypereutrophic (TSI >90)
	60
	22.37 ± 8.7
	20 (14)
	8-43
	132
	21.66
	b
	16.61
	28.24






Table S18 Top candidate models linking species richness with environmental variables from dredge. Coefficients for conditional (cond) and dispersion (disp) components are shown for included predictors; NA indicates exclusion from the model. Models are ranked by AICc; ΔAICc is relative to the best model, and weight indicates Akaike weight. Only models with ΔAICc ≤ 2 are shown. All continuous predictors were standardized, year was included as a fixed effect, and site (n = 16) as a random intercept. DOC = dissolved organic carbon; DOP = dissolved organic phosphorus; DP = dissolved phosphorus; O2 =  Dissolved Oxygen; P part = particulate phosphorus; TSI = Trophic State Index.

	cond
(Int)
	disp
(Int)
	cond
(C:N ratio)
	cond
(conduc
tivity)
	cond
(DOC)
	cond
(DOP)
	cond
(DP)
	cond
(Fe)
	cond
(O2)
	cond
(P part)
	cond
(pH)
	cond
(TSI)
	cond
(year)
	df
	logLik
	AICc
	ΔAICc
	weight

	3.223
	+
	0.083
	NA
	NA
	NA
	0.095
	NA
	-0.104
	NA
	NA
	-0.163
	NA
	7
	-532.63
	1080.04
	0.00
	0.014

	3.223
	+
	0.094
	NA
	NA
	NA
	0.083
	-0.046
	-0.098
	NA
	NA
	-0.144
	NA
	8
	-531.55
	1080.12
	0.08
	0.014

	3.223
	+
	0.083
	NA
	NA
	-0.034
	0.107
	NA
	-0.102
	NA
	NA
	-0.156
	NA
	8
	-532.11
	1081.22
	1.18
	0.008

	3.223
	+
	0.093
	NA
	NA
	-0.030
	0.094
	-0.044
	-0.096
	NA
	NA
	-0.139
	NA
	9
	-531.14
	1081.55
	1.51
	0.007

	3.220
	+
	NA
	NA
	NA
	NA
	0.079
	NA
	-0.110
	NA
	NA
	-0.165
	NA
	6
	-534.50
	1081.59
	1.55
	0.007

	3.222
	+
	0.085
	NA
	NA
	NA
	0.077
	-0.048
	-0.075
	NA
	-0.036
	-0.138
	NA
	9
	-531.20
	1081.67
	1.63
	0.006

	3.222
	+
	0.075
	NA
	NA
	NA
	0.089
	NA
	-0.083
	NA
	-0.033
	-0.158
	NA
	8
	-532.35
	1081.71
	1.67
	0.006

	3.221
	+
	0.086
	NA
	NA
	NA
	NA
	-0.055
	-0.098
	NA
	NA
	-0.077
	NA
	7
	-533.57
	1081.91
	1.87
	0.006

	3.223
	+
	0.093
	NA
	-0.023
	NA
	0.085
	NA
	-0.100
	NA
	NA
	-0.143
	NA
	8
	-532.48
	1081.96
	1.92
	0.006

	3.219
	+
	NA
	NA
	NA
	NA
	NA
	NA
	-0.066
	NA
	-0.066
	-0.093
	NA
	6
	-534.70
	1081.98
	1.93
	0.005




Table S19. Predictor importance for species richness. Sum of Akaike weights across 2,048 models (all predictors included in 1,024 models each) indicates relative support for each predictor. All continuous predictors were standardized, year was included as a fixed effect, and site (n = 16) as a random intercept. DOC = dissolved organic carbon; DOP = dissolved organic phosphorus; TSI = trophic state index
	Predictor
	Sum of weights

	Dissolved Oxygen
	0.71

	TSI
	0.61

	pH
	0.58

	C:N Ratio
	0.53

	Fe
	0.45

	Dissolved Phosphorus
	0.42

	Particulate Phosphorus
	0.39

	DOP
	0.38

	DOC
	0.33

	Conductivity
	0.30

	Year
	0.11




Table S20 Fixed effect estimates from a generalized linear mixed model relating species richness to environmental variables. Estimates, standard errors, z-values, and p-values are shown for each predictor. The model included site as a random intercept and year as a fixed effect to account for temporal variation. Continuous predictors were standardized. R² (marginal) represents variance explained by fixed effects and R² (conditional) includes fixed and random effects. AIC indicates model fit
	Term
	Estimate
	Std. Error
	z-value
	p-value

	(Intercept)
	3.226
	0.06
	54.43
	<0.001

	pH
	-0.033
	0.04
	-0.75
	0.45

	Dissolved Oxygen
	-0.082
	0.04
	-1.96
	0.05

	Dissolved Phosphorus
	0.087
	0.05
	1.93
	0.05

	TSI
	-0.157
	0.05
	-3.42
	<0.001

	C:N ratio
	0.075
	0.04
	1.80
	0.07

	Year 2017
	-0.001
	0.08
	-0.01
	0.99

	Year 2019
	-0.008
	0.07
	-0.11
	0.91

	R² (marginal)
	0.311
	-
	-
	-

	R² (conditional)
	0.343
	-
	-
	-

	Random effect (site)
	Var = 0.00003, SD = 0.005, n = 16
	-
	-
	-

	AIC
	1084.68
	-
	-
	-




Table S21 Predicted species richness at the minimum and maximum observed values of key environmental predictors. Predictions were obtained from generalized linear mixed-effects model results using ggpredict. For each predictor, the table shows the minimum and maximum observed values, the predicted species richness at these points, and the corresponding 95% confidence intervals. Predictors were standardized in the model. Predicted values illustrate the modelled effects of individual environmental gradients on species richness, while holding other predictors at their mean
	Predictor
	Min Value
	Predicted at Min
	CI Lower
	CI Upper
	Max Value
	Predicted at Max
	CI Lower
	CI Upper

	pH
	7.1
	26.8
	22.1
	32.7
	9.8
	22.5
	16.6
	30.6

	Dissolved Oxygen
	1.5
	29.3
	24.8
	34.5
	19.2
	18.8
	13.6
	26.1

	Dissolved Phosphorus
	0.01
	23.9
	21.1
	27.1
	1.78
	38.6
	25.3
	59.0

	TSI
	50.4
	37.7
	29.5
	48.1
	114.4
	17.9
	14.2
	22.5

	C:N ratio
	1.7
	22.2
	18.7
	26.4
	13.4
	31.8
	24.2
	41.8
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